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^^CO^-tlT-a^c^(speech analysis-synthesis system)fi#'=i — y(vocoder)<tl¥(itLx J^ff ^r-^ 

ilff ^T'fflV^^T</^ 0 ^£>ft^#J#v'.*-7 i -Mi LPC(Linear prediction coding) 3* "C&> 

* s 5>"f ^febtl'So LPC stfn — ^fi^^r* (voiced sound) CO ^j^sound source):^ iU^T^ 
(voiceless sound)CO ^^sound source)<tLT-^;^L-?;ft^WN/^?iJ(impulse series) jo J; XI 6 fe^tf' 
(white noise^fS^Lfc^rvi^feSfctf). ^^gfTCte^lf — fcuzzy^WfciftS. ^ 
^(vocal trac^cOiiKj^^^^^^^/^^^Jifi^^S^T', W^^o^^h/Hft^Kspectral tilt) 
t£l£<D&1BM i jEL,<i%gt£tl-¥' > ^^<hLT^it'f5JS1#t4(vocal tract transfer characteristics)?)}! ^ 
1£ li(estimat io n error) t5 s # < & <5 Q 

: &M\Z-?tW&J& (glottal waveform) tf> *r/>S:fflV\ j^il s<7 — ^(vocal tract 
parameter)^^ 1 ^^^—^ (voice source parameter) <h5r[^B#(C^^i~5^"fe^%^$tl,fc 0 Ding b 
f±. ARX (autoregressive-exogenous) ^ j^fifc^'/WClfioX fcV^PJtfj&^/^^^J^^Ding, 
W., Kasuya, H., and Adachi, S., "Simultaneous Estimation of Vocal Tract and Voice Source 
Parameters Based on an ARX Model', IEICE Trans. Inf. & Syst, Vol. E78-D, N0.6 June 1995)£rHfI3§ 

& (dynamic programming) ^rfflV N X^:^"f''5o 

%/5f£<7)S^tt F,(n)£S£ n 71/-^©7*;^yMSS< F^n)^ n 7l/-A«7t/^yh 

rf c (F(/i), F (n + 1)) = a|F, («) - F, (« + 1)| + 0|F ; («) - F, (/i + 1)| 
^ (/="(*)) - a\F, (k) - F, (k)\ + /5|F,. (*) - *| 
= y S|F i (^)- £ | 



^5— #<Z>7U— AKiBattU io©7U- AO|BISr7^^>h«SI*i:»SS:»?>*»'fcBlf»{w?6 



F i (/ I ) = 



20 log 



10 



20 log, 



010 1 \ + e - nF »^' F ' 



, if formant 

, if anti - formant 



mm?^>7'(GCl: glottal closure instance) ^Mlt^^°-^{tLm^2^kmW^<DhXii^^X^ 

x^-^v^mmx^m^^mmmxm^, mm^^tzx°-^{iLW<D^m<D^-^MiL 

fctJU Hute^t^ s'^jS^W DFT(discrete Fourier transformation)(-*51t5S^iS^^<^SrHl, ^2 
iliiS^^^ H2 iLX, HD=H2-H1 Xfe^foZ HD (^il^^F^Mf^ (open quotient) 
OQ £«£-f 5 0 

Og = 3.65//D -0.273//D 2 +0.0224//D 3 +50.7 <7)|B^£:ffli^5o 



r/. 

/ 



• 



5. 

(b)(4 T d =50M s X'^7Y£frtd$M, (c)(4 d =3ms WX£i^:7hasffi3nfcRfl2-Cfc3. 
1214 (a) fi'FiSlfcft^/l'^'l'K 04 (b) ^(D^^b^it^m^^mX'h^o 

[218(4. AV/<7^— ^<©*«>*"S:IftWi"5*:fe<0|g-Cfe5o 
1219(4. «*3&©ffi&«*^W«S£*3SUfcl2-C*3. 
12110(4. GCI©i6Jffi«tt^OSttWia"Cfe5. 

Hi 1 (a) , (b) (4. RK^^/^i£M&M&^~s^s < ^7J/U&X*^l'7 P s^fflffl£tyhffift^ ^$ml3£X 

~>-7h-rz>j7fe&mwi-z>tz!t><Dmxibz>, 

|2ll2(4. r<D^P^(75^3(D»^#Jcj;^^^^^A(7)«^^i-yD^|2]-efo5 0 
|2|13(4. r^^lMWllMty-J;^ 

f&z^i-yv-y?mxhz> a 

El 14(4. rtDB^Igsw^&ff^-J:^^^ 

I2I15(4. ^t)^ofc2o<z>7*/i'^^©7*/w>'h^jKlfti>' < >'K(60ia^S:^i"ia"Cfc5o 
[216(4. $l$lil(-Frame A, «EWltwFrame B<Z>7*/U^Vh&£ofctfr^<D«:t*SftlBi-5*:«> 

[217(4. ^^TW7*/^>h* $ RC#*l^±jKtt$tbfc»^©^^^S:lftW-t"5fc*^> 

[2)18(4, SiK^tLfev^^/u^XMSfeS^W^O^SraftW-fSfcfeWigT-fcSo 

[219(4. ^UKOSiJ^SrSftWi-Sfcferoia-CfcSo 

[220(4. BHQWSiJ^otttwiiD^S^^^i-ia-C'fcSo 

1221(4. /^ai3firogfEJxS:lft^-t-5fe*W|l|-e*>S. 

[222(4. /^^gg^(-=toTl+#$tLfc^XhO^J^Ift^1-'5^cD[2l-efc5 0 

1223(4. ✓^B^iSW$ixfc^S:^ , ^"iaTfc5. 

|224(4. #fcb;h.fc*S'**£?i*-*-|a"C?*>3o 

1225(4. SJi^i'^oT^^tLfc^^/^VhtD^^-rtUX'feSo 
|226(4. Frame A<tFrame B^^lffl^^^LfclllXfoSo 

[227(4. ^^^^^^/u-^^h^fc^i^^lRlO^u— .fcK&ffiOO^/i'^'^HSrEBLfc: 

mtt^-trnxfoZo 

[2128(a), (b)(4. 7^/u^^h7-f/u^ro«j*4:^-fia"CifeSo 

1229(4. y^u^b^^/^<Dmm^mm^(Dm^^Mm^tz^(Dmxh^ 0 

1230(4. 7^/^vh7^/w^roffi^«««^S:^Mrs^awijlEix*^-ria-Cfc5. 
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m 



SlJV ARX (autoregressive-exogenous) ^P^ffc^rf^lzm-rSK^pfttfr -^fiJc^&^Ht^JwOl/ -* 

y(n) + a t y(« - k) = J? - A:) + (1) 

(vocal tract filter coefficients) T'fc'P, p iSXZf q (i ARX i &fvl<'0>2fcf&"Cfc5o 

A(z) = 1 + a t z -1 + • • • + a^z -1 ' 
B(z) = b 0 + b,z' 1 +-b q z-" 

y(z) = £&U(z) +-i-£(z) m 
^ ' A(z) v ' A(z) v 7 W 

rrT'r(z),J7(z)fectt>*£(z){i^tL^n>'(n),t/(«)^J;t>*e(/i)(75z^^T'fe5o ^it^itM 
$-{i£(z)/A(z) -e4-X^tt5 0 

^C#t4#14 (radiation characteristics) £ra ^tiWft'Pf^fcWk (differentiated glottal flow waveform) 
^^-ttzfoiz. RK(Rosenberg-Klatt) ^E-rvl^Klatt, D. and Klatt, L., "Analysis synthesis and perception 
of voice quality variations among female and male talkers*!, J. Acoust. Soc. Amer. Vol. 87, 
820-857,1990)£j£ffl-f5 o RK &m*fo<D£5\Z. : &L&irrt> 9 

rk(n) = rk c (nT,) (3) 

\2at-3bt 2 , 0xt<OQT0 
rk c (r) = J 

0, elsewhere 

I (4) 
27AF _ 27AV 

open quotient of the glottal open phase of the pitch period) "CfcSo '{rkftT^f^ffcffi'tifcin) (± rk(n) £ru 
7Z(z) = (l-cz- 1 )- 2 (5) 
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7L=201og l0 |7X(e y0 )|-201og 10 |7Z(e^)|, 

B - cos co 0 - yjjB - cos cu 0 ) 2 - (B^l) 2 
c = B~~i 



(6) 



B = lO 71 ' 20 ,^ = 2*3000/ F.-C&5. 

Ding bli^A^^^/l^T/l^'yXi^f^fflL, P b 1 ^!^ (articulatory movement) £r#ltr.{~ AH 
^g^S^iSSr^oT^fCo 2,000Hz &T<Ds<>\?m%#^Z>i-' < X<D7*/i'-?>hiiM. : k¥-&)iki- : 5 

cp(n) - [- - 1) • • • - y(n - /?)«(") •••«(»- q)J , 
6 = [a l -a p b 0 --b q } 

y(n) = cp 1 \n)6 + e(n), n=l,-~,N (7) 
e(n,0) = >'(«)-9? r (/i)0 (8) 

6 = argminV^tf) 

n * fiA (10) 



C(z) = M^> 

V ; A(z) £'(z) 

D(z) = (l-^z-') ssn(71)2 (12) 
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r/=201og 10 |C(^°)|-201og 10 |C(e^)| 
ZZXco 0 = 2x3000 /F s XhZ> 0 i£(12) *<D&&d itt{6) kWimzl,X 7L *»e>*a$n5 0 

/W^^f -§-v(/j) {i^^ctpf-^-^ibixSo 

v(/i) = J* r/k(« - TO F s + GCI(i), AV(i), TO, OQ) (13) 

Wlt°—? (excitation peaks) .WfafcixS. iS*7w/U^8t?Kv'(ii)OzaSlft{±J!feK)i5{-4-X.5>tl5. 



F'(z) 



A'(l) 



-y(z) 



(14) 



(15) 



O VJ B'(1)D(1)7Z(1)J B'(z)D(z)TL(z) 

v'(n) (DmWifaim (excitation amplitude) AE (iAV /^7^-^l'^^$il5<, 

AV = —OQAE 
27 

^^-^^/i^^^a^fflv>5<k^^ct5^^(9)^^^mm^-e*t-^<t^-et5(Ljung ( l., 

"System identification theory for the user*.' PRENTICE HALL PTR, 201-202, 1995) 0 



V(0)s 



2N 



AT-l 

2 



.2.T 



j2jAIN B(e N ,d) 

t 2jt. 



.2lt, 



A(e N ,d) 



W(—k,6) 



(16) 



Y(^k) 

G{e>**' N ) X— 

U(—k) 



2jt 
N 



(17) 



W(co,e) = U{a>)A(e i '°,9) 

X'hz> 0 

^(16)^?>, ^ai^^&fi^^e^^M^fiI(ETFE)G(e^* w )^S^^it^^W(c y ,e) 
L(z) = l + / l z- l +/ 2 z- 2 --- + / r z-' (18) 
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W(co,d) - U{(o)A{e iu ',d)L( < e i ' a ) (19) 
-©rtli, ^7^?L(z)i:±ot^(a>,fl)«rlfil1lp-C#5CiS:t!*t5. ARX ^r^fifc^x 

jo^TK#ti£^<>tt^*&A(e ; ")W*^h^^^ 

£<K££ix5o Ding fctt^^MHSISk^-^TZ W^f 5riH IT L(z) = 1 - r" 1 ti^^^ 
cr-Cfi, S^-^(tF^fcW( t y)lCli3tt-5t/(a>)^ d r^^-&yi--r5fc*, 72- ©JBSPSr^ltlxfcigJS 

"(«) = J| '*"("- *0 + £(") (20) 

OQ = 3.65HD - 0.273HD 2 + 0.0224HD 3 + 50.7, 
- 4.03 =s HD =s 9.83 

HD = H2-Hl[dB]X$bZ> 0 H2 iS^UHl fi, 5£(14) (ciJloTi^-Y/W^tW^^ 
DFT frh&bfo&o 

H., "Speech representation and transformation using adaptive interpolation of weighted spectrum 
vocoder revisited', ICASSP 97, 1303-1306, 1997)£iIffl-f-5. 

- Jg^52O(D^P^W^(GCI)OF B 1l^75^F0 W^<^cue^^oXV^<h#xen5<^T',RK 



ViV *.-^L+i ^ ^22) 



)e i2j *' N 
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Cr-C R(2nk IN'] fi5£ (3) <D DFT T'foSo 



(23) 




(24) 



(25) 




V(l)~N(0,d g F 3 ), 1 = 0,-,- 
mmmri(l) ^i^^iSXXI^md g F 1 [pomt](D^'&m^-Xh^o ■t>-yV*7mW.Wia) c [rad](ftM 
tfjlcti 2/rlOO/F, ){c<toT^M$ix5iSiSl^^^*3^5{ita*fi^^^^ S:{£JflL-C»f£ 

RSSrffl^t7t/Wb F(n)b7*'^^hF(n+l)k<DT£i(DWLW£^v^7'*'&% a 
d c (F(n),F(n + 1)) = «|f, (n) -F f (n+ 1)| + £|F ; (/i) -F,(n + 1)| (26) 

4, (*"(*)) - «K (*) " F f (*)| + Pfc (*) ~ £ \ (27) 

r^-C F, feyx^^hmWL&Xm. F. t fc7*/^^hfafeXfoZ> a 7*/l'^b&i3tF l it. 7* 
/l^^^h^^b/^(D^^^</^t^l^^</^t(D^it\^X'^^tl^ 0 




(28) 



8 




e ^^o7^/uvy h^gi^ixS^t^t^ v>ht*fc5Wi$Ji5. y^^h^M^M. 

[mm] 

trofco i8Ao5tt8S#ti, 8£#0>#i AtttdF^ii-t-S^gw^t^W^-rSfcftf^^fiffl^tL^i 

osA^B^^^x-^m^^ii^H. %%M\\L\z.w^x^yy-r^<D ios A^j?t£&-r-# 

(C^LTV N 5<h^&£;ft'CV'>-5(Ljung, L, "System Identification theory for the user 1 .' PRENTICE 
HALL PTR, 201-202, 1995) 3 

m^t^^<D^^m\znir^^p(o%<D^X'(Dmm^ Ding b^£^xmm£ntz'&. 

JII&tf)^/I^:/;*h7A(MC£P)&(Tokuda, K., Matsumura, H., and Kobayashi, T. "Speech coding 
based on adaptive mel-cepstral analysis." ICASSP 94, 197-200, 1994)<h ARX fe£©|BK*$5>twH;tfe£: 

n^it a ^m<^Mmxmm^^tc<Dtm^p^y°^^^tio fJtMtnizsxo^s-fyi/ 

^J3i£&£r 11.025kHz £Uiu fcry^3EJft{-Stf SiSft^Sr^M-Sfc*. S^fiSclciotty^t 
^^il^^--5J;p{-5AcO^#t^ipr ( t{cJ;oTtt:^xxh?rff ofc 0 ^m$rl2l5^^i- 0 E15T* 
5o i£V^y^O#J*?*— ^KoVvTfi ARX jfe<t MCEP fetOlSli/J^VMtH^bx ffiV^s/f 

*"f , ftVfft-gtVm- PfeJ&frh. 25msec~35msec m.lg.<V&£<omm$tX~^PfeM (speech 
segment) 60lS:§JI?tti-f", 5gffl&£LTIi«fc<fc^ftfcHanning Sg>Wf§:Jfll^3o 25msec~35msec <7) 

b&t°^mw&i£tisbx® v )tiii-ui£<Dm£xhz> a 

<^Tyy° S7001> 

2fcK GQ ^WSP602*3 iLK AV 4S^gU603lr*3V ^t, ^PmZS01t^&j5&\<D\?—?t°y*c^ 
^^•^TV^ GCI (glottal closure instance) 38j:tMV 03D$fc&jfcfc5 8 GQ (itt#^StJK601^ 

L-C»*(l5)*3J:tJ c ia8{c:^-r«i:5{-**S. 
<^7"y7°S7002> 

&(;:l 1 ^^£j$^604{c::fc^-c, Eli*sJ;t>*^:(3)^Lfc rk ^-Tvu-igfl^ ^^©t- 
^ftftas gci {c:PJfl-r5«fc5K!8££-t^ ^jS^605<t-r5 o ro>£#w*7*— *fi, ia±* 

^5/^ S7001 T'jRftfdil, Og (DtiiWmXtbZOQ 0 (Cfi 0.6, 71° lw(± 5~15 Ofjl^il^^feT 
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t£oT^&ff06O5£:£f!5c-t-5o 
<7s?y~f S7003> 

&icAR#W^606tc;fcv^ 

!)x>77^ (adaptive pre-emphasis) ili^7°L'^^7">^7'('/^607joJ;U?608{i^:(l 
<^X-yT P S7004> 

ARX ^tff^l?609{C*3V ^-C, ilJ^yy ^7z^7^/^607 jo iT^608^J:oT^^^ 

A(z)*3J:t>* B(z)*s*^-r5. A(z)=0, B(z)=0 fcKv ^c^m^fif^W^^/i^m 

i£ informant frequency^ (n) , ✓<^Kte(band-width)F i (/i)s T>^*/i^>Kanti-forrnant)Jil& 
IfcAF^/i). ^K*IAF>)£*&5 0 A(z)=0 (Dmmm^r^-r^ B(z)=0 <7>1S*3fc 



AF(/) = 



argr t 



args, 



, AB(l) 



\n\r k 



Ink 



2jtT 

Im(c) 

argc = arctan — t-t 
Re(c) 



|c| = VRe 2 (c)+Im 2 (c) 

*^tvKZ)fTO (spectral tilt) ^KW^JtSfcft, ^(11)^^(12) {w*L^fe-C77 Sr«t3£ 
<^-y7°S7005> 

<^y7"S7006> 

fttdOG«ISlaJ612Jw*5V^-COG* s 4ll^$n5. ^fctfjt-tt, $7^/1^6 lOi^toTJg^tt 
fc#2Si£7F2611£> DFT(discrete Fourier transform)^ i P>^li^PS^>U^/U//i<h^2iBi^&WU'< 
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A' H2 (DmVhZ HD = H2 - HI £>R#> , 3; (2 1 ) &m v ^Tffi j£-T 5, 
<^7 L -y7°S7007> 

JfcUl GCHtmgl5602ioJ;t>*AV*i^603{C*5^T, ijf^^/^eiOJrJioTlft^nfc^aSR 
Jg611*»P>^^[Sl©e— ^fcV^r^Sr'fT^ GCI jfcefctF AV <DM^jR*?>ix5o GCI fcctVAV <D 
**^Tfi^X2/7 P S7001 i(^fi|-C*>S 0 

<^7">^ 0 S7008> 

Htf^^-yy S7002 75^l?T>'4f ^S^ig-To lfc3fcLTV\ftrtf##f«:*t-TU ft©7l/-AOM 
^chSfT-t-So /£d37U— AK>«»lf4 5ms~10ms 

y^mmWn (pitch frequency) ^-fcte^r^^i-M UT#7PfeX^ XK^M^^— 9£Fv£ 

mi<DmMW$nX*te, XT-V? S7001 *3«tt/ S7007 {3Sofj-St:°— ^lT^^lCj;5 GCI Jt^ttl 
t^xrrvf S7002 K*3V»-C GCI ('i^^(C[5]^bfc RK ^ilS$i7g«:£fi!c-*-5£i:K«fc*), ^fH 

ZljfcBlgc 8004 ©f-^fii 8005 irfcT— 8006 £*#>5 0 

(22) -5t(24) (^oT^ib-rS. fc/cU Z'-Cii 0 r (A:) = 0 T*fe5 0 01Otw^L^*t^$tbfctr 
—fitW: 8005 ^-^OieHflOih^/KDfiS 8002 ^OH^^iS (24) (75^ KftA-TiXfXfcV \ 

mi l (a) it rk ^r';^MMMtt—/^<xz7j/\s?^£V^y p ;^fflM£yhmt)* ^mxis? 
Hi"59>J^Lfct>0-Cfe5 0 HHl(b)(^-r^7^{^{4, RK *agSt^, 0.5 tf^Vhv^hl, 
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'gP^f&isXTMZ. ^(2)tw^oT-a-^#^^-r^^T'fc!3, RK^7Vl^^£j&£B 12001, 
&Hfc*'<*h/\'M&'7'f'i'f (source spectral tilt fiher) ( TL (z)) 12002, PM^^h/^MM^-f/^ 
(Vocal tract spectral tilt filter) (D(z)) 12003. T^it^/W (Vocal tract filter) ( B(z)/A{z) ) 12004. 
efeSt^ricSB 12005, fifeit^^/l^V^z)) 12006, 12007 ZtimZ-Zo 

mi£7tfilS2<^;!i£Mfi^ 









^£ 






AV 


RK ^rvHI^GOt^I 


OQ 


RK ^'/U^zO^^P^;^ 


FO 


rk ^ s r;^ffi.<Dm^mfc%c. 


TL 




NA 






TI 






F1~F6 


m i~m 6 


B1~B6 


f5 l~f£ 6 T^/u-ej^fv^Kfil 



^^T', AV,OQ,F0,TL \%^P^M (voiced part) GD^-effi^f^, «;^iZ:Ps](voiceless part)"CfiO 

RK^e^M,^fi)c^l2001(±, /<7/-MV, OQ, FO ^^tS(13)l:^otf 
£j£t-5 0 ^,^^h^M#47^/^12002tt, (5) |:SottS4^ 

!3Ji2ooiA»e)^#asafe^^^h/^i^*^M't-5. ^it*^K/HTO^/i^i2oo3fi, x 
^t—pTizm v (1 2) {c^o-c^^^h/^f4^Mi-5 0 pm.^^b/^mmy^/^i 2003 

(rioT^^h/l-f^#4^Mi»^nfcra&^{i^il7^/^12004^iioTfS^12007l^^ 
^L^n-So t-^^5t(2)(Dq&i22^1«{^ofc#M^/i s ^^12007{^^tL€)o Sfeif 
£j££|5120O5ti, /^^-^NA(^Cfc^V^7^A^^R5c-rs 0 &£.tt#£fifcS|51200 
5*^O7^^*t*ttefeStW7>r/^12006S:iio-Cffi^lBJ12007^4-^.?>ix5. 

(2)(D&mm2mzi£^fzm^few$w&&&i2007iz^ttnz o ^-a-^i2007f±, ^ii^/u 
* 1 2oo4^(7)^mm^t s feM 1 ^/^ 1 2ooe>frt><Dm^mzt*&j&\^xn (2) {d^ofc^ 

W±c^J:9(c^3W|IMfig^J;S ; i ; ^^fi)o^7 i A{c:J:ti(i, Sgl£fcf±gS2<D3lJ£^fi(-J:5 
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o i \z.k *_xm 1 3 tc^-r rk*?/^ 1 300 1 5r{ix5 0 ^(om^m^m i 2 tc^ tfc^ 

^^v^^i^l^T-fc^. [m3(::^t-RK^/u^3E/&£|5l3001l2, RK^r^ti^^ 
^Iil2001<t. DFT(discrete Fourier transformation)l+Wg|5i3002i, DFT^Jr2Si$13003<!:, IDFT 
(inverse discrete Fourier transformation)f+^£f513004<t. fe1£MM1kMtW$M3005k, 
j£*H-#8B13006£, ^J#§B13007<h£<I;l5 o 

RK^rVu^gf^figfP12001f±[1112(^bfc 1 b<7) < b^ffi^(DT-fc5o DFTff ^13002(±. 
RK^x^#M^^12001^^O^^^^^^(23)(C^oXDFTU-CMl^^(frequency 
domain) fC^&-T5 0 ^SMSft»^13005{±, ^^-^F0^V^T^(24) {r^oT^il 
^ie^^^rff^-rS, 7^AJlM»H-*^13006fi^:(25) {^oT9^Ai§^40 r (A:)^ 
ft*-t-5 0 ^J&gfll3007{2, ^Sii^fie^^i^^^AilMSe^^cb^AP^CG,^) - 
e r (Ar))L-TDFT^^^13003{3l4-^5o DFT^^^|313003(i. DFT|f»:tfil3002^^cD^^ 
^igc(7) : i : ^^^?r^:(22)om25S:(c:^o-C^^-r5 0 IDFT|+^g|513004fi, DFT^Ml3 
003{;iJ:oT^£*Lfdl&£W!£c^M^ 

1) flUBft)*? 1 ! ^0(glottal closure)^-f5^^'^SlJ^l 
2y*iS— (buzzy) ^^Wffi'J 

(!&5<z>£ffli7l0flB) 

&m.Ui400i&Mz-Z> o 7^-/i^-^vh^^|f|5i400i{4. m^^—-^f^y^;\y^W<y^~-^F 
1~F6, Bl~B6<7)iigctiS:%itt^ii(-^gc-r6t>(^T-fc5o 7*/U^>MgigcSB14001f± % 
5^(26) *5j;t>*(27) {-^Lfc^^^h (connection cost)*D<t!>*^^^=iXh(disconnection cost)3r/8 
V^TWlftjtHiiifc (dynamic programming) !l±-5T7l — APa1<7);7;^/l^:/h<DM/££:&£>5 0 

HI15fi. ibSlloOBItJ-g-ofc^U— A^^^-zU^vm^^formant frequency)^ >-F'ifi(band 
width)$r^L-CV>5o *«il±7U— A##-C«6tttt«jS[«c-C*>5. &y *fr^H-Um&&, 
/^Ftm) (D£oiZ\&%0i7r:\^X^^ o A (Frame A <t Frame B) jCf±£t>U: 6 flCD^/U 

•^>h* s fe5o rn?>©7d-/^^Hi^jKtgi[0<&i/ fl F2---<tv^J:p{c:(¥{ins 0 iifif, 

rtlb 6 oji Frame A t Frame B <DPb1X|5)D#^^<7}P±^^^$;H5o Urt»U Frame B CO F2 
<h F3 tf>JS&&l4g&ifiL-C*59, <!f*>P>t Frame A©F2 a>J3afc!£U:ifiV\, Frame B©F2 f±'< 
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Ul^Uoofe5 , ttO < h%x.ibtLSo Lfzt'^X. Frame B CO F2 JifctisaLoofcS^ ^/W>h<fc^&£ 
*U Frame A CO F2 irfi^icLftl/ ^£tfSS*LV \ Frame A CO F2 fi Frame B CO F3 £gMS6£ft5'<# 

H16I±, Frame A. Frame B <D7*/U^h&t'0. fe^CO&tqi, 1), (l,2)£V^.fc 

Z>tf, o(7, 7)<t^9^^ttrfo5 0 ,£(1, l)/5>ib.&(7, 7){-fi/^oTfe^££fc<h*>9&^ 

^iitft<^<bi-5 0 0iJ^lfi*l2ll7}C^-rJ;9(-(l, 1), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6), (7, 7)tiltf^>^ 
7$S#;tW5o 3.<DB3\ (1, l)f4 Frame A Fit Frame B CO Flfd^f^-t-So (2, 2)WP£ 1 bP]ilT-&5 0 
Lfc^ot, ~<D£?fc/<xZfzk'^tiWrG-, Fl d>ib F6 CO 6 oO:7^/l^>H£^:-C|5]C#-S§-C0t>C0 

m±tfmm£frti^t&j:z> 0 u>>u m^-smis^-rxo^o., i>, (2, 3>, (3, 4), (5, 5>, (6, 6), (7, 

7) < hVN9/^^il5^i:^%X.bix5o rco^-g-fi Frame A C0F2<t Frame B CO F3 <t7!> 5 ^rc£*U Frame 
A CO F3 t Frame B <D F4 <h7^gg£;ft5r<i:;§r;§:9£1~5 0 Frame A CO F4 *5j;T* Frame B CO F2 fi£* 
3x5*8 W#?£U£</\ Frame A CO F4 firgx.TI/K^A'-^K Frame B CO F2 C£tiJ§ILOO 

rcOct9{^^coil(in*"{cJ;oX7^-/u^Vhco^^^^:^i-5 0 ^coil^i±7^-^>h 
iSiS^i^^^K^IcofiScoSEglt^ctS^^h, feJ;U ? ^^75^1#^-^^co#it]{cJ;5^^h^/J^<-r 

j-1), (i-2, j-1), (i-l, j-2), (i-2, j-2)(D4*<D?t-t-fZ) a (i-1, j-l)/5^C0#i<j^ A. (i-2, j-l)/5>ibC0#tJj£ B, 
(i-1, j-2)^c0;g-®j£ C, (i-2, j-2)75^co#-ij!i^D i:i¥-Siri:(c-r5o rco3f'J^i::<W. £Tco1&^,£ 

tcoidps^ns, 

WT. ^Si^co^)iI?rllI2l^#BSU c e^^|fepj-t-5 0 

Frame A. Frame B (D^X/V^hmWittMMA.. NB tW.< 0 NAX NB C0lS?IJ C 

t, f-^X(NA+l)X(NB+l)C0iE?iJni*3 s tt/nj?rfflSU, -^tbbcO^^^T 0 T'^-ftSfSo CCO 
^?C(i,j){i, ,S(i,j){r^5^tS^^<='^^^fe^S•t■5fefc{c:fflV^P>2^5 0 £fc, niC0^ni(i,j):fc\U5 
nj CO^* nj(i, j)f2-6(i, j)l-*'h5&«=*h-e^»LT£fc^*-*- ft*>*>£[(i, j)^<*>&iS^*&iEl& 
i-SfcfetdfflV^ixSo 1-^^*3. ,£(i, j^COftS'^t-^itS^i, j)C0i£HflC0^?r,£;(m, n)£Lfc 
ni(i, j)=rru nj(i, j)=n "Cfc5 c 
<*7~yZf S2> 

dkTco^^^(lll20#Ba)(^ov^^S^h<b^Ji^^^lt»-r5o 

i *3±t* j ^^t-ir-^-fk-rSo ix j ti^iv&'ti Frame A 4b, Frame B WltfM^xy*;* 

<^T-y7' S3> 
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,£(i, jJl^lW^o^tm, n)Ulo^T=*htfll£fT3(iai9#!lB). 

m fcitf n &/B*U m = i-2,n=j-2 tflJWffc-rS. */J^«=^hSr*«>Sfc«> 
<D Cmin Sr/fljfcU pT|gfelS9^t/i«[*ftAL-C*3<. 
<^7 l y7'S4> 

mm^V*— B#^f-fStti-5Qemp SrffljRU £(m, n)rt>ib,£(i, j)— tfV^^h^m, n)<73^ 
<^.7 1 -5/7 0 S6> 

Ctemp *S Cmin iU/J^Jt^fi (Yes) ^T'yT'S?^, /h$<^ixJi (No)^T-y7 f S8 ~--*-i"tf 0 

<?<7-y7 S7> 

Cmin Id Ctemp S^AU ni(i, m Sr. nj(i, n Srte^-TSo ni(i, j)fi,£(i, j)fclft/h&3S=»*l"' 
X'&W}l>tlM.<n Frame A tt&SL nj(i, Frame B *llffifi5IS:SEfft-r5o 

n = j -1 -Cfeixtf (Yes)^^ S10 n = j - 1 T-&ltn(£(No) ^^SQ^r-ftfc 

n £— oiffln^-frT^S'T 0 S4 ^<fc'5 0 
<*rry-f S10> 

m = i-l T'fenff(Yes)^^ S12 m = i - 1 -Cftttixfi (No) *7^7°S1 l^-T-Ttf, 
<*rry-f Sll> 

n £ j - 2 {'Mb, m St— oJgJHte-fr-C^T'.S':/ S4 ^fcifS. 
<^.7 i -y7 B S12> 

i ^NA+1 {CigLT^tL{±*(Yes)^TU itLTV^tttUi (No^^^SlS^"^^ 
<^7-y7 p S13> 

C(i, j){c^fl3^h^falt-rSo -Tftfr*,, <£(i, j){cjoit5^/^VhSggi(^:(26)X'tmLfc 
41) £ Cmin O?0^fE1tt-5. fcfcU -&(1, 1)^^0*&^-C*)5fc«>. '<;*3*H±#£-S:-f\ 7* 

<7<Ty-f S14> 

j NB {d&UCV Nixtf (Yes) TsrV? S16 ^ itUCV tttttf (No) ^f-y^S 1 5^i-^tf . 
j omU^X^'ry^' S3 -4><t*5 0 

i # NA Kigl/O ^*U±* (Yes) Kf-y? S18 itUTV >fctt*i(f (No) X7-y?S 1 tf= 
<^.7"2/7 P S17> 

j Srli-ML, i £ — ^ii^P^-tt-C^xy^ S3 ^<h*5 0 
<^xy^°S18> 



15 



i = NA + 1, j = NB + 1 tL-X^TyZf S3 ~-h¥Z> 0 

y<^^h(Dt\9-\-t^(O^\Z.p0 o rF^He^^fiHiat^-r A, B, C, D <^4 0T*^ Frame A 
<D% i 7*/l-^:/h£: FA(i), Frame B <D% j 7*/V7yht FB(j)"C^-r<t, A <D*§-£\ FA(i - 1) 
t FA(i)f4^r*L^LFB(j - l)t FB0)f±21V^-^^tl> ^£;ft&V^;r/l^:/R4#ffiL&V\ r. 
cofcao^^xh (W</ ^&;Uxff disconnection cost) (±0 kt£& 0 B ©4§£\ FA(i - l)i4££^£tl 
5;|B^#?£U£i/\ r^J;^^, ^=^HiS:(27)^ FA(i - ^co^S^ftA-rS-^cfc 1 ? 
f+}T£ix5o Com£i4i£t- FB(j - l){4^£;ft5tBW#£U£V\ Uc^oT, '<X=iXh 
f45£(27) (d FB(j - \)<Dfa&*iXA'fZ>^b^£.m\9-&fcZ> a D C0^f4, FA(i - l)t FB(j - 
l)0-oiroV^T^tB^^#&U^V\ -tr-C, ^*=;*Mii£(27) td FA(i - 1)03£S£^AL 
fc^Ot, FB(j - *,l,1tb<o<ofttteZo 

IH22J4, (i, j) t-tiX^StL-C^ib nrtg* 4 OCO,& (i - 1, j - 1) , (i - 2, j - 1), (i - 1, j - 2), (i - 2, 
j - 2)^UTV ^ 0 ^EP(4 4 j)lc*J"TS^i!iS^6UT*3«3 % ^Ri<7)5ti8t-{4ia 1 9X*fe 

mVtzs<X<D&wi A, B, C, D ^i^X^^o ^7c, 4 0(7),£r^-r^L(7)4 3 ^fi^fi:^jo(-t5^?S 
=»*h;&*BBA£*t"CV*5 0 

^H^CO^®j{^J:'9^^ct@¥-75S7 t £<7iofc Frame A CO F3 (D&g&m V ^T5£(27) Id .WtHI&h,. 
1 l£ft3 0 

4 OC0^*£iio-C&(i, j) (-jt-rSB^CO^^^^hCx^-y^ S5 T*f+g£*b5 Ctemp) f4€-'^G0 

-^COI^, A 14 4035, s<X B {4 483, C (4 5351, s<X D f4 1179 (D^^^h^^-X.^ 
■k'b&^m^^hbteZstX B ?&Sig&$*l3 S7) . EI23{^* B ^m^^tLU^^To 

B fim$l£3ntzZUz£<0, ni(i, B <Di&M.<0 i nj(i, j)(df4 j $&mWMtfsZ 

ct^ff^tfdi: 182 Sr*Dx.fc^fR=^h 665 &%Z?<£il1tfrTy7 S13) Q 

r.W«t5t-U-C3^h*thjfUft*sb*ia^^S:S2k*«)x <&(1, l)7$>fb.k(NA + 1, NB + 
ig-T 0 ~C0m> ni t ni ^^^^^(-fct'oTV M1{4,£(1, l)/$>ib,£ (NA + 1, NB + 1 ) ^<D 

*jg^*£#«>3r.£jSS-et5. [ll24{C5Rfebtl^ii^^i-o ^<7)^, H115^^Lfc 
7^-/U-^>f>/5^ic$tLfc^^-(4[l]25 l^-f£?{Ztd:Z, 0 Frame A CO Fl t Frame B CO FICOJ^M 
\,HZ&%fc£hZh<Dti7*/\'^b7j/l'?&n$mto^ffi bMZ.&fc&m. Hit* Frame A CO F2 (4 

(d 0 (:i^te£^5^<hT"?t Wcf^£-fr5 0 iMd, Frame B CO F2 f±^S* 0 (d;k;t< 
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*■»(")-< 



— -log 




1-10 /2 ° 
^1+10 /20 j 



j/ formant 



if anti - formant 



7t 



So 

Sl;7^vyh7^©S#J^t^^gt^5 0 026(4, H25(-^LfcFrame A*5«fctfFrame 
B ^jflSratLTVSo fffi^C0/c*6(- F1~F3 iafflc^^-^^LTV^ rWElt^^^^ixfc 

4 ooa«l5t57U- Af± Frame A <t Frame B 75*[2l25<h[RlCkcr>-C&5o -tUT, -tixb^tt^tf — 
OC07U— Art* Frame AA, Frame BB kL-X^TF^ZlX^ N 5 0 Frame A t Frame B C0fIS1-Cf4gl5£0H 
MMT'ai-<fe^&{rJ:i?F2iF3/i^^tb^y^ 026^4^. C0~ t& X RIT'^^LTU ^ a 

Hfi*roX~ihZ> 9 ^.<Djzv^ir^tX\ Frame A k. Frame B <nWtt*i^^YftW&b/^sYi&*W& 

U5>U Frame AA k Frame A coP^^/^^hcOfiai&rtWceSfc&x ¥*ffcftMl!f?-C'{4^-C# 
frV \ Frame AA <h Frame BB f4(H28 (a) {d^-f 3 OCD^^/^CO^^^^T"^^, pTigT*fc5 0 
7*)V^sY74}V9%Z.(DmX\-Zl£.frhW,\Z- FFlx FF2 COj^^LTV^o L>5>U Frame A £ 
Frame B f4 5 OW7^/I^&|ffite&|£Uft<Tl4#fcfcV \ <S(- Fl |S]±J&Sj£ifc$iXfca^fc<{r— * 
£%X.5<hfc 7CC6 r><074)\,9*m&8kWL~t ^k\Z.t£Z> a [H28 (b) {4 6 r><074fr9*t^ffl8L\, 
fzikMX'hZ, 

^ZX'i-±ffi%L(Dtz£>< l Z.7*/l'-?>b7'<;l'<?kLX 2 &<7)^^l7^^(monopole filter)<!:L-C^5 0 
m28±matt<D-7^/^(Dfh^^:^:m^X^^ a Dl *5j:tfD2 l^MM^X, 1 ^fy^© 



Frame AAOF1 fi-^tf)^ Frame A CO Fl {Cl&57)5 , Frame AA CO F2 (4 Frame A CO F3 {"^c£ 
<tU Frame AA frh Frame A Kl7WT{4^Tc0«fc:?&&g?£riT9 o 
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(1) Frame AA -CI±7-f/^*S 3 oU'SW^O'C, FF4 — FF6 f4 Dl iSXTJ D2 £ 0 {C^y 
TU a=i, b=0, c=0 tTZo r9-Tixi±\ 74Sl'?tf'<'('*x£tl1Z0>bWd: l Vtm\Z.-X?£ 
5„ FF1, FF2. *5cfctf FF3 it a, b, c OffiSr-t^jX FU F2, F3 O^RtS^^^KB*^ 

(2) Frame AA <h Frame A WlHJtt, &&£tl1Z7*sl'^Z'b(D$&\Zfe<>Xm$i&k'<l'\ t 1ia 

(3) Frame A {w^Lfc^"e7*/U^^h7-f/^K>SiJ«JSTag5IS:fT5o -^ST'CO FF1 14 

Frame A tdfcttS Fl ^^tt^o 0 — FF2 {4 Frame A 05 F2 Sr^tt^o, L 
Frame AA CO F2 (4 Frame A C0B£.£-Ci4 F3 fc#3 0 Frame A <DgzP£X FF2 £ F2 

tnt.X*(D FF2 <D&M a, b, c 3o&Tf\HUttMX&Z> Dl, D2 COfilS: FF3 \Z=m°— U FF2 
f4&r/c(c:fct}5tUc F2 ^WtJSTSrfTP. 
r co J;? fcttflsfcEl 2 9£# fig LT ±9 Hrffcift {cUfcHfl -f 5, 

H329S4, Frame AA, Frame A, Frame B, Frame BB CO^^/U-^Vh^^/U^CO^j^CO^^f^LT 
v^5 0 ^^-/u-^vh^^/u^cOJl i jcttffe^ds 3 of o3t^£*vCV>-5 0 3 oco£5c3=f4-eix 

0»Jx.ft\ Frame A CO FF1 C0^^#^-{'{4 1 ^otl^o Cmt4. Frame AA CO FF1 #^C0^£ 
Frame A CO FF1 l-g?gc$nfcwtS:li*i"5» <t^5^^ Frame A CO FF3 (Cli41gig#-§-<tLT 3 1:14 
2 ^AoTV ^„ C1*U4 Frame AA CO FF2 Frame A CO FF3 {^^tltl^t^sM^X^ ^ a 
Frame A CO FF2 C0^^#^-{d(4 0 A 5 AoTV rftfi Frame AA t)*l&ifc&ftZ>7 4/^* 

Frame A-C'ff^(-ffi^bfc7^-/U^^r-T'fc5r<!:^bT^5 0 Frame BB {dfi&lfc* 
#{d 3 ^Aofct©iiff&Ui^. rco^<h(4 Frame B CO F3 (4^<7)fl#,&T*1^1e^??£it1 0 \ 
JBStUfcriSriK!*-*- 5 0 3 ooft^it 0 co^C0f4, ^/U^LTCO^gjtg^^T*, s<Js<x£ 
-ttefr1b&%t<D{Utf a=l, b=0, c=0 "Cfe5wi*i&5fef 5. 
Frame AA*»?> Frame A 7-f/U*0>TOJ!) ST%I2]30{^-r^|llT'^T 

9o 

FF6 ri»bJiSI- FF1 {-fa/^oTl& 1 9i§U^-;'7 0 S31~^-^ S39) 
if ffitLtttf 0 frT-y? S32) 

Dl. D2 £r*JJT (^yT" S33) 

else 

N N # a C07^-/U-v^h7^/^^ FFN A»P> Dl, D2 

SrafcT— (*T-s/>>' , S34) 

endif 

WSffifSi'^KtiA^ a , b, c Srth jfLT-lry h-TS (^vf S36) 0 fc 
fc'U 7^u^->h^St»i:^vKffi*si'{>^0O»-g'fia=l, b=0, c=oit5U 
^•y^S37) 0 
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1. "mP&f&^XTM-i. 

g| «9 o fc 7 U — l»?i\-Q<»-7 *fr^r^Y'*7* — ?<Dttfcm$k$:WlW)t\mfe<< dynamic 
programming) 1/ ^Ti&zET't'So 




2. ^U— Al^feigcD^^-a-figv-^^Afi, 

d c (F («), F(n + 1)) = a\f f (n)-F,(n + 1)| + 0 \F S («) - F., (n + 1)| 
(F (*)) = a|F, (k) - F, (k)\ + p \F., (k) - e\ 
-f}]F.,(k)-s\ 

\Z.3LiX&m=i*VaJF(j£), F(n + l))fc«fcT/#&4fc=;*h<^F(k))£:5fc«>* KufcttilffeKlfcttSte^ 
201og to -^y^ .ifformant 



20 log 



10 



1-e 

\ 



* / 

(dioT^/U^Hi^ F^n^l+^-rS 



, if anti - formant 



5. ^U— ^3t3iaife<D#^-a-^^7"A{4, 
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6. ^U— A,4[zmlfc<D : g-p&I$.~>XTM, 

mIfe*^M&^W^'P^^^5^"(Ga: glottal closure instance) (cMj£-T5t: 0 — ^{ig£2 

u 

8. ^^^-tff^fifefi. RK ^^^^/^fcfi^^te^iUT^^HS^^^M^x/^iJfflb 

m^^tzpmBmm^mwmzxm^titz^/^^m^^xm^wMw^Wi^L, - 

Wti5M<n DFT(discrete Fourier transformation){-*3lt5S^K^^/l'5:Hls % 2 iff Si 
H2 tb-C, HD=H2-H1 XfeM&M HD <DfiI;^^F^i&B£P^ (open quotienOOQ Sr 

OQ COtt^i' 
OQ = 3.65HD -0.213HD 2 +0.0224HD 3 +50.7 
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fetf?rt>frlZ> 0 */c^^CO#l!l^/U^{^o^TGCI (glottal closure instance) &-f ^"CJH^-*-*. 
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